1. Introduction {#sec1}
===============

The Poaceae family is a large and nearly ubiquitous family of monocotyledonous flowering plants known as grasses. This family includes the cereal grasses, bamboos and the grasses of natural grassland and cultivated lawns and pasture. With around 12 000 species ([@bib12]) Poaceae is the fifth-largest plant family. In Bratislava, the most significant grass pollen sources are *Arrhenatherum elatius*, *Lolium perenne*, *Bromus hordeaceus*, *B. sterilis*, *Cynodon dactylon*, *Dactylis glomerata*, *Elytrigia repens*, *Festuca rubra*, *Hordeum murinum*, *Poa pratensis*, and *Poa annua*, which are the dominant species in urban lawns and at the edges of untreated habitats ([@bib18]). Other grass pollen sources are cereals especially *Secale cereale* and *Zea mays* that are grown in the outskirts of the city. In Central Europe the species of Poaceae family bloom from the end of April up to the end of August ([@bib41]).

Pollen grains of grasses are among the most important airborne allergens in Europe ([@bib14]). The most common symptoms associated with sensitivity to Poaceae pollen are rhinoconjunctivitis and bronchial asthma ([@bib17]). Grass pollen is responsible for most respiratory allergic reactions in the pollen-sensitive population of Bratislava ([@bib26]; [@bib42]). Based on the skin prick testing of patients suffering from respiratory allergy during grass pollen season, [@bib26] identified the most allergenic grass-pollen types in Bratislava to be: *Lolium perenne*, *Agrostis alba*, *Secale cereale*, *Alopecurus pratensis*, *Holcus lanatus*, *Phleum pratense*, *Arrhenatherum elatius*, *Bromus erectus*, *Elytrigia repens*, and *Dactylis glomerata*. In this context, however, it is important to stress that almost all grass-pollen types show a very high degree of cross-reactivity ([@bib31]; [@bib1]).

Studies on allergen exposure mostly rely on airborne pollen concentrations derived from volumetric pollen traps, but research has shown that allergy symptoms may arise even at low pollen concentrations ([@bib14]; [@bib10]). Due to their size (\~35--65 μm in diameter), intact pollen grains have difficulty in entering into the lower airways and cannot, thus, trigger severe allergic responses. Besides intact pollen grains, smaller particles, e.g., fragments of broken grass pollen and free allergens (0.6--2.5 μm) can be, also found in the atmosphere ([@bib48]). These particles are small enough to reach lower airways, thus inducing allergic asthma symptoms. It is therefore important to additionally investigate aeroallergen concentrations. At present 13 different groups of allergens related to grass pollen are known which induce IgE responses ([@bib7]), of which group 5 allergens are one of the major allergens since 65--85% of patients allergic to grass pollen are sensitive to these allergens ([@bib24]).

This study aims to assess the correlation between Poaceae pollen and Phl p 5 allergen concentrations in the atmosphere of Bratislava and to evaluate the impact of weather-related and air pollution-related conditions on both.

2. Materials and methods {#sec2}
========================

2.1. Study area {#sec2.1}
---------------

The data evaluated in this study were collected in Bratislava ([Figure 1](#fig1){ref-type="fig"}) which is located in the south-western part of Slovakia on the boundary between the Malé Karpaty Mountains and the Pannonian Lowland. Bratislava, with around 430,000 inhabitants is surrounded by farmland areas (mainly cereal fields and vineyards), deciduous Carpathian forests, and remnants of alluvial forests. The city is characterized by a temperate continental climate with warm summers (21.2 °C in July -- the highest mean monthly temperature), cold winters (0.1 °C in January -- the lowest mean monthly temperature), and an annual rainfall of 667.2 mm (1983--2019 average, data from the Meteorological Observatory of the Department of Astronomy, Physics of the Earth and Meteorology of the Comenius University in Bratislava).Figure 1Localization of Bratislava in Slovakia.Figure 1

2.2. Airborne pollen and Phl p 5 allergen monitoring {#sec2.2}
----------------------------------------------------

Aerobiological data, including airborne grass pollen concentrations, were recorded in the atmosphere of Bratislava from March to October 2019 by using Burkard 7-day volumetric pollen trap (Burkard Manufacturing Co Ltd.) ([@bib25]). The sampler was located on the roof of the Comenius University Science Park (48˚08′58″N, 17˚04′24″ E, 167 m a. s. l.), in the north-west part of the city at 18 m a.g.l. The monitoring station is surrounded by small alluvial forests and urban vegetation (e.g. lawns, ornamental trees, and shrubs). The botanical garden is located in the vicinity. The methodology used was performed according to the standard method adopted by the [@bib9]. The air is pulled into the sampler through a 2 × 14 mm slit at a rate of 10 l/min and flowed over a rotating drum covered with adhesive tape. The exposed tape was changed weekly at 10:00 (local time -- UTC +2 h in the summer, UTC +1 h in the winter). The tape was divided into segments 48 mm long, each corresponding to the 24-h period. Each segment was mounted on microscopic slides in gelatin-glycerin and stained with basic fuchsin. Poaceae pollen grains were counted in 12 transversal traverses per slide under a light microscope at 400 × magnification. After the pollen counting in each sampling area, a specific correction factor for the used microscope was applied. Pollen concentration was expressed as a number of pollen grains per cubic meter of air (pollen/m^3^).

For the aeroallergen (Phl p 5) quantification, a multi-vial cyclone sampler (Burkard Manufacturing Co Ltd.) was used. The sampler was located next to the pollen trap on the roof of the Comenius University Science Park. This is a low volume sampler with an airflow rate of 16 l/min. The air samples were collected directly into a 1.5 ml Eppendorf vials (one vial represents 24 h exposure, from 10:00 to 10:00 of the next day, but is described as a "daily average" throughout). Airborne samples were collected dry and stored at −20 °C until extraction. Aeroallergens were sampled during the main Poaceae pollen season (MPS) (considering the data from previous years), plus two weeks before and after MPS, trying to find possible aeroallergens outside the blooming period. The MPS was established according to the method by [@bib35], which define the start (end) of the MPS as the first (last) day with a daily average equal to or greater than 10 pollen/m^3^. The final data set included 62 days from 11 May to 11 July 2019.

To calculate the daily potency of airborne Poaceae pollen (allergen release per pollen), the daily value of noted Phl p 5 was divided by the mean daily Poaceae pollen concentration and expressed as pg Phl p 5/pollen ([@bib11]; [@bib22]).

2.3. Extraction and quantification of aeroallergen Phl p 5 {#sec2.3}
----------------------------------------------------------

Samples collected by Cyclone sampler were extracted according to [@bib36]. Samples in 1.5 ml Eppendorf tubes were centrifuged for 3 min at 2000 g and then re-suspended in 120 μl of extraction buffer containing 50 mM phosphate buffer (pH 7.4), 150 mM NaCl, 125 mM ammonium bicarbonate, 3 mM/l EDTA and 0.005% Tween 20. Extraction was carried at room temperature (RT) with constant stirring for 2 h. The samples were pelleted by centrifugation for 10 min at 2000 g and stored at −20 °C until further analysis.

Airborne allergen Phl p 5 was quantified by double-sandwich ELISA (Enzyme-Linked ImmunoSorbent Assay). Microtiter plates were coated overnight at 4 °C with 100 μl of monoclonal antibodies 1D11 (Indoor Biotechnologies, US) diluted in PBS to the final concentration of 1.5 μg/ml. Following day, the coated wells were blocked with 100 μl of 1% BSA in PBS-T 30 min at RT. Then, 100 μl of purified allergen or extracted airborne sample (30 μl of the extract with 70 μl of PBS) in duplicates were applied to the well and incubated 1 h at 37 °C. Purified allergen rPhl p 5 (Indoor Biotechnologies, US) in serial 2-fold dilutions from 3.125 ng/ml -- 50 ng/ml were used to generate the standard curve. Afterward, 100 μl of biotinylated anti-Phlp5mAb Bo1 antibodies (Indoor Biotechnologies, US) diluted 1:1000 in 1% BSA + PBS-T were added to each well and afterward incubated with 100 μl of streptavidin-peroxidase (0.25 mg/ml diluted 1:1000 in 1% BSA + PBS-T, Merck, US). Both incubations were performed 1 h at 37 °C. The plate was washed between all steps 3 times with PBS-T (PBS with 0.05% Tween 20). After final washing, the wells were incubated with developing substrate OPD (Merck, US) for 30 min at RT in dark. The absorbance was measured at 450 nm in HiPo Microplate Photometer MPP-96 (Biosan, Latvia). If the plate could not be read immediately, we added 50 μl of 3 M HCl or 3 M H~2~SO~4~ solution per 100 ml of solution. Stopped reactions were measured at 492 nm.

Daily concentrations of allergen were interpolated from the standard curve and expressed in nanograms per milliliter. To compare the pollen and allergen values, the data were transformed to picograms per cubic meter of air (pg/m^3^) following the volume sampled by the sampler.

2.4. Meteorological and air pollution data {#sec2.4}
------------------------------------------

To analyze the effect of meteorological parameters on daily pollen and aeroallergen concentrations, following meteorological variables were taken into consideration: T -- mean daily surface air temperature (°C), RH -- mean daily relative air humidity (%), WS -- mean daily wind speed (m/s), AP -- mean daily atmospheric pressure (hPa), and P − total daily precipitation (mm). Meteorological data were recorded at the Meteorological Observatory of the Department of Astronomy, Physics of the Earth and Meteorology of the Comenius University in Bratislava (48˚09′04″ N, 17˚04′14″ E, 182 m a. s. l.) situated 400 m NW of the sampling site. To analyze the effect of atmospheric pollutants on pollen and aeroallergen concentrations, the following daily parameters were analyzed: PM~10~ − particulate matter ≤ 10 μm (μg/m^3^), PM~2.5~ − particulate matter ≤ 2.5 μm (μg/m^3^), O~3~ − ozone (μg/m^3^), NO~2~ − nitrogen dioxide (μg/m^3^) and CO − carbon monoxide (μg/m^3^). The air pollution data were obtained from the database of the Slovak Hydrometeorological Institute (SHMÚ), which operates four air quality monitoring stations throughout Bratislava. The data used in the analysis were calculated as an average of data obtained from all four monitoring stations. The temporal resolution of meteorological and air pollution data was adjusted to the pollen and allergen collection time (10:00--10:00).

2.5. Data analysis {#sec2.5}
------------------

Nonparametric Spearman**\'**s correlation test was performed to establish the relationship between 1) airborne Poaceae pollen and Phl p 5 aeroallergen concentrations, 2) pollen potency and environmental variables, and 3) concentrations of airborne Poaceae pollen and Phl p 5 aeroallergen and selected meteorological and air pollution time series since the data were neither normally nor log-normally distributed. The statistical software R (version 3.6.1) was used for this purpose.

3. Results {#sec3}
==========

Airborne Poaceae pollen and Phl p 5 allergen concentrations over the MPS, which lasted in the atmosphere of Bratislava from 11 May to 11 July, are depicted in [Figure 2](#fig2){ref-type="fig"}. The characteristics associated with the analyzed period are shown in [Table 1](#tbl1){ref-type="table"}. Poaceae pollen and Phl p 5 allergen were recorded every day during the MPS, i.e., 62 days. During the studied period, the aeroallergen content varied between 9.5 and 305.1 pg/m^3^, whereas pollen concentrations varied between 4 and 81 pollen/m^3^. On 1 June, both pollen and allergen peak values were reached. The daily mean pollen/allergen concentrations higher than 30 pollen/m^3^ and 100 pg/m^3^ with high allergenic risks were reached during 6 and 10 days, respectively ([Figure 3](#fig3){ref-type="fig"}). The Seasonal Pollen/Allergen Integral (obtained by summing the average daily pollen/allergen concentrations over the MPS) amounted to 1,015 pollen grains and 3,119 pg of allergen during the study period ([Table 1](#tbl1){ref-type="table"}). The Seasonal Pollen Integral in 2019 was 34.6% lower than the 17-year average (years 2002--2018; data obtained from the Pollen dataset stored at the Department of Botany, Comenius University in Bratislava).Figure 2Poaceae pollen (grey area) and Phl p 5 allergen (black line) concentrations, precipitation (bars) and discrepancy days (black triangles) in the air of Bratislava over the study period.Figure 2Table 1Characteristics of 2019 Poaceae pollen and Phl p 5 allergen seasons.Table 1Characteristics**Pollen**Pollen season start11 MayPollen season end11 JulySeason length (days)62Seasonal Pollen Integral (pollen/m^3^)1,015Peak value (pollen/m^3^)81Peak day1 June**Phl p 5 allergen**Peak value (pg/m^3^)305.1Peak day1 JuneSeasonal Allergen Integral (pg/m^3^)3,119Pollen potency (pg/pollen)5.7Figure 3Number of days of Poaceae MPS with the pollen and aeroallergen concentrations placed in exponential classes.Figure 3

The mean pollen potency (allergen release per pollen) reached 5.7 pg Phl p 5/pollen. We recorded days (27 May, 30 May, 9 June, 10 June) with low pollen concentration but high pollen potency (24.9, 22.0, 38.3, 23.8 pg Phl p 5/pollen, respectively) ([Figure 4](#fig4){ref-type="fig"}). On the other hand, we recorded days (1 June, 8 June, 20 June) when the pollen concentration was high but pollen potency was low (3.8, 2.0, 0.2 pg Phl p 5/pollen, respectively). Overall, the potency of Poaceae pollen during the second pollen peak (8 June) was 48% lower than during the first peak (1 June) and during the third peak (20 June) was 90.9% lower than during the second peak ([Figure 4](#fig4){ref-type="fig"}). Based on the results of the correlation analysis, no significant association between pollen potency and meteorological or air pollution values was observed.Figure 4Airborne Poaceae pollen concentrations and pollen potency in Bratislava over the study period.Figure 4

We observed a positive degree of association between the pollen and allergen levels; however, the correlation was not significant (*r*~*s*~ = 0.201). It is worth noting that the main peak for allergen activity occurred exactly on the same day as pollen peak. However, during some days of the pollen season, the allergen concentrations were much higher than pollen values (e.g. 27 May, 4 June, 9--12 June, 18 June, 28 June) ([Figure 2](#fig2){ref-type="fig"}).

The May--August period in 2019 was characterized by a very high amount of rain, i.e. 117.4 mm (41.7% higher than the 36-year average from 1983 to 2018) and the air temperature was 0.8 °C higher than the 36-year average. May was colder with more amount of rain than the long-term average, while June was warmer and drier. The May mean temperature was 3.3 °C lower, and the amount of rain was 73.4% higher than the 36-year average, reaching 12.6 °C and 260.6 mm. On the other hand, the June mean air temperature was 4.1 °C higher, and the amount of rain was 73.4% lower than the 36-year average, reaching 23.3 °C and 18.4 mm.

[Table 2](#tbl2){ref-type="table"} shows the results of Spearman**\'**s correlation analysis, which was performed to identify the environmental variables which the most influenced airborne Poaceae pollen and Phl p 5 allergen concentrations. The results revealed that of meteorological parameters considered, air temperature, precipitation, and relative air humidity, were important determinants of airborne pollen and/or allergen concentrations. The association with temperature was positive, whereas the association with precipitation and relative air humidity was negative. Important atmospheric washes induced by the rainfall were observed as precipitations were followed by reduced pollen and allergen levels ([Figure 2](#fig2){ref-type="fig"}). Among the atmospheric pollutants, O~3~ and PM~10~ were significantly and positively associated with both pollen and allergen concentrations during the studied period. PM~2.5~ and CO were significantly associated only with pollen concentration and the correlation was positive.Table 2Spearman**\'**s correlation coefficients between the concentrations of Poaceae pollen and Phl p 5 aeroallergen, and the main meteorological parameters and atmospheric pollutants recorded in Bratislava in 2019.Table 2Variablespollenallergen**Meteorological parameters** (*N* = 62)Temperature (°C)0.222**0.450∗∗∗**Precipitation (mm)**−0.437∗∗∗−0.353∗∗**Relative humidity (%)**−**0.155**−0.524∗∗∗**Wind speed (m/s)**−**0.141**−**0.094Air pressure (hPa)**−**0.0740.149**Atmospheric pollutants** (*N* = 62)O~3~ (μg/m^3^)**0.254∗0.397∗∗**PM~10~ (μg/m^3^)**0.349∗∗0.375∗∗**PM~2.5~ (μg/m^3^)**0.341∗∗**0.222CO (μg/m^3^)**0.287∗−**0.096NO~2~ (μg/m^3^)0.053**−**0.172[^1]

4. Discussion {#sec4}
=============

In Europe, the number of pollen allergic sufferers is constantly increasing, especially in urban areas ([@bib14]). Despite this, the number of Poaceae pollen in the atmosphere of Bratislava has, similarly to in Spain ([@bib27]) or Turkey ([@bib2]) descending trend ([@bib41]), presumably due to changes in agricultural and land-use practices. However, the low Poaceae SPIn in Bratislava in 2019 (36.7% lower than the 19-year average from 2002 to 2018) may be due to specific meteorological conditions recorded (rainier than the long-term average during the May--August period), which enhanced pollen removing from the air by both rain-out and wash-out mechanism.

Except for intact pollen grains, pollen allergens may also be carried in a micro aerosol suspension smaller than pollen grains ([@bib44]). Therefore sever respiratory allergic symptoms can occur even when the concentrations of intact pollen grains are low in the air ([@bib15]). Our study demonstrates that the daily levels of Poaceae pollen correlated positively with Phl p 5 allergen, but not significantly, probably due to several discrepancy episodes. Similarly to other researchers ([@bib39]; [@bib21]) who have compared airborne pollen concentrations with allergen concentrations, we recorded days with low pollen but high aeroallergen concentration and vice versa. The quantity of pollen grains in the atmosphere depends on many factors that affect their release from anthers and airborne dispersal. Apart from the biological characteristics of the source plants and aerodynamic features of pollen grains, meteorological factors belong to the most significant variables that affect the variation in airborne pollen concentration ([@bib36]). In general higher Poaceae pollen concentrations are associated with bright sunny days without precipitation ([@bib8]). On the other hand, higher aeroallergen concentrations can be associated with an increase in atmospheric pollutants ([@bib14]) or humidity before storm episodes ([@bib10]). Besides, the discordance between the daily pollen and allergen concentrations could be explained by long-distance transport processes ([@bib33]). Due to their small size, both small allergen carriers and free allergens of grass pollen origin can remain airborne longer than intact pollen grains.

Pollen grains vary in the amount of allergen they release. In the present study, the mean pollen potency reached 5.7 pg Phl p 5/pollen. It is in line with the result obtained by [@bib10], who noted the grass pollen potency variation ranging from 1.5 to 5.9 Phl p 5/pollen in different European countries. This variation is likely to depend on grass species spectrum, distribution, ecological requirements, and its adaptation to the microclimate conditions in the given geographical area. Our study also showed that the natural potency of airborne Poaceae pollen can considerably differ between days, ranging from 0.2 to 38.3 pg Phl p 5/pollen. Besides, more events with high-potency pollen were observed when pollen concentrations were low. This could explain why even low airborne pollen concentrations can result in respiratory allergy. The daily variation in pollen potency may be, similarly to fungal spore potency, affected by environmental variables such as temperature, precipitation and atmospheric pollution ([@bib23]). Based on the result of correlation analysis, however, no significant effects of weather or air pollution factors on daily variations in Poaceae pollen potency were observed in Bratislava.

This study showed a clear relationship between meteorological variables and pollen or allergen concentration. This is, however, in contrast with the results obtained by other researchers ([@bib16]; [@bib36]), who noted no correlation between aeroallergen concentration and weather parameters. The present study found precipitation to be a significant factor explaining the variability in grass pollen and Phl p 5 allergen concentrations during the MPS period, confirming the ability of rain to remove pollen grains from the atmosphere. Similarly, several researchers ([@bib39]; [@bib19]) pointed out that the precipitation cleans pollen grains from the atmosphere, however, provoking the liberation and dispersion of aeroallergens. Moreover, [@bib44] noted the release of allergenic molecules due to precipitation resulting from the osmotic shock and evaporation during the following hours leads to the rapid dispersion of small allergen-carrying particles in the air. Nevertheless, the negative correlation between precipitation and Phl p 5 aeroallergen concentration was observed in the present study. On the other hand, relative air humidity can also play a significant role in the allergen release. Due to high atmospheric humidity, Poaceae pollen grains with a delicate and thin pollen wall ([@bib10]) can be easily burst and release free fraction of allergenic molecules in ambient air ([@bib15]). By contrast, we observed, similarly to [@bib5] that airborne Phl p 5 allergen concentrations significantly decreased with increasing relative air humidity, presumably as a result of increased sedimentation velocity of humid pollen allergens.

Air temperature is considered as a meteorological factor responsible for anther opening, pollen release and atmospheric pollen dispersal ([@bib19]). Even though the significant positive correlation between airborne Poaceae pollen and the air temperature was observed by other researchers ([@bib8]; [@bib36]), no significant association between air temperature and pollen levels was observed in the present study. On the other hand, [@bib14] assumed that higher air temperature, similarly to the recent climate change impact, results in increased allergen production by pollen grains. Furthermore, [@bib39] pointed out that the specific microclimatic conditions in the cities, especially the urban heat island effect, could induce higher expression of allergenic molecules in the pollen of plants. Similarly to mentioned researchers we observed significant and positive association between the concentrations of Phl p 5 aeroallergen and air temperature in the present study.

Urban residents experience more respiratory allergies than rural residents ([@bib14]) mainly due to the interaction between chemical air pollutants and pollen grains. Air pollutants might damage the pollen cell wall, facilitating allergen release into the environment ([@bib34]; [@bib20]; [@bib36]) or modify pollen allergenicity ([@bib14]). Moreover, air pollution is considered a stress factor for plants that increases the synthesis of some allergens in pollen grains ([@bib47]; [@bib4]). However, to ascertain the effect of the atmospheric pollutants on the allergen synthesis in the pollen grains, it is essential to take into consideration the values of contaminants from the previous period of flowering*.*

Atmospheric pollutants considered in the present study were also associated with pollen and allergen concentrations. The results of the regression analysis showed that ozone exhibited significant and positive associations with Poaceae pollen and Phl p 5 allergen concentration during the MPS period as a result of the atmospheric temperature influence. The tropospheric ozone is a photochemical reaction product and the increased solar radiation accompanied by elevated air temperatures has a key role in its concentration ([@bib46]). The elevated values of both ozone and pollen concentrations in the air of Bratislava were recorded on warm sunny days during the grass pollen season. A similar result was obtained by [@bib37] who observed a positive correlation between Poaceae pollen concentrations and ozone levels in the atmosphere of Szczecin (Poland). By contrast, [@bib6] pointed out that elevated O~3~ did not affect the amount of *Phleum pratense* pollen produced. On the other hand, *in vivo* exposure to O~3~ has been shown to increase the group 5 allergen content of the pollen in *Lolium perenne* ([@bib32]; [@bib43]). Ozone has also been shown to disrupt the cell membrane of grass pollen and thus increase allergen exposure by releasing cytoplasmic allergen-containing granules from within pollen ([@bib34]; [@bib40]). While our study and studies mentioned above suggest that there could be an increase in airborne grass pollen allergen concentration at rising O~3~ levels, [@bib6] observed no significant correlation between Phl p 5 allergen and ozone concentrations.

In Bratislava, the high concentration of CO (primary atmospheric pollutant) is attributed to increased CO emission from vehicles. We recorded a significant and positive correlation between Poaceae pollen and CO concentration in the present study. The positive effect of CO resulting from incomplete combustion of carbon materials on allergic rhinitis presence was confirmed by several researchers ([@bib30]; [@bib28]), however, to our knowledge, studies concerning the relationship between CO and pollen or aeroallergen concentrations are scarce. Contrary to our result, [@bib13] noted a significant negative effect of CO concentrations on the protein content of *Betula pendula* pollen even though when exposed to levels that can be considered safe for human health protection. However, more studies are needed to understand the mechanisms of the associations between CO and airborne pollen or allergen levels in the urban environment.

Particulate matters (PM) are considered as one of the most abundant air pollutants in urban areas with high levels of vehicle traffic. PM particles could bind with airborne pollen grains altering their morphology ([@bib38]). Moreover, PM particles, because of their intrinsic electrostatic properties and porous surfaces, readily adhere to free airborne pollen allergens and act as their carriers ([@bib29]). The presence of these particles on the surface of bioaerosols may change the dispersal pattern of bioaerosols in ambient air by altering the particle aerodynamic properties ([@bib3]). Contrary to the results observed by [@bib45] who pointed out that PM did not correlate well with bioaerosols because of the low contribution of the bioaerosols to the particulate matter we observed significant and positive correlation between Poaceae pollen or Phl p 5 allergen concentrations and PM~10~ and/or PM~2.5~ levels in the present study.

5. Conclusions {#sec5}
==============

The study demonstrated that the relationship between airborne Poaceae pollen and Phl p 5 allergen is irregular and an increase in pollen concentration does not always result in an increase in allergen concentration. Besides, pollen potency displayed marked day-to-day variation, since pollen concentrations do not always reflect the allergen concentrations. However, the concurrent occurrence of airborne pollen and allergen peaks were observed.

Results of Spearman**\'**s correlation analysis showed that for Poaceae pollen, the significant and positive correlation was observed, except for NO~2~, for all atmospheric pollutants. Whereas, for meteorological parameters, the only significant correlation was observed with precipitation. However, the correlation was negative. The concentration of Phl p 5 allergen was positively associated with air temperature, ozone and PM~10~, while the negative association with precipitation and relative air humidity was observed.

From the respiratory allergy diseases epidemiology point of view, simultaneous pollen and allergen quantification is important to determine the aeroallergen exposure.
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